Software as a service adoption determinants - the role of software asset characteristics by Rintakoski, Miika
 A B S T R A C T  
 
        T ur u n k a u p p a k or k e a k o ul u •  T ur k u S c h o ol of E c o n o mi cs  
   B a c h el or ´ s t h e si s 
X    M a st er´ s t h e si s  
   L i c e nti at e´ s t h e si s 
   D o ct or´ s t h e si s  
S u bj e ct  I nf or m ati o n S yst e ms S ci e n c e D at e  2 0 . 9. 2 0 1 8 
A ut h or( s)  Mii k a Ri nt a k os ki  
St u d e nt n u m b er  5 0 4 7 5 8  
N u m b er of p a g e s  5 9  + 1  
Titl e  S oft w ar e as a s er vi c e a d o pti o n d et er mi n a nt s –  t h e r ol e of s oft w ar e ass et c h ar a ct eristi cs 
S u p er vi s or( s)  M atti M ä nt y m ä ki  
 
A b str a ct  
S oft w ar e as a s er vi c e is c o nst a ntl y g ai ni n g m ar k et s h ar e fr o m tr a diti o n al o n -pr e mis e li c e nsi n g. 
D es pit e t h e tr e n d, cl o u d a p pli c ati o n m ar k et s h ar e is  still j ust  a b o ut  1 8 % of t ot al s oft w ar e m ar k et. 
Or g a ni z ati o ns ar e c o nti n u o usl y e v al u ati n g n e w s oft w ar e alt er n ati v es . T h e s el e cti o n b et w e e n S a a S 
a n d o n -pr e mis e s ol uti o ns is a  k e y d e cisi o n t h at or g a ni z ati o n s n e e d  t o m a k e w h e n pr o c uri n g n e w 
s oft w ar e.  I n or d er t o s u c c e e d i n s oft w ar e pr o c ur e m e nt d e cisi o ns, or g a ni z ati o ns n e e d t o d e v el o p t h eir 
o w n d e cisi o n -m a ki n g pr o c ess a n d  u n d erst a n d  t h e p ot e nti al o p p ort u niti es a n d ris ks t h e y n e e d t o 
c o nsi d er i n t h es e d e cisi o ns.  
 
T his r es e ar c h a d dr ess es t h es e d et er mi n a nts w hi c h aff e ct t h e s oft w ar e as a s er vi c e a d o pti o n d e cisi o n 
m a ki n g.  T his r es e ar c h is b uilt o n e xisti n g lit er at ur e  a b o ut S a a S a d o pti o n. T h e a d o pti o n d et er mi n a nts 
i d e ntifi e d i n t h e lit er at ur e w er e us e d as a b asis for s e mi -str u ct ur e d i nt er vi e ws c o n d u ct e d i n  I T 
or g a n i z ati o ns. T his r es e ar c h e v al u at es w h et h er t h e a d o pti o n d et er mi n a nts f o u n d i n t h e lit er at ur e 
aff e ct d e cisi o n -m a ki n g i n t h e r es e ar c h e d or g a ni z ati o ns a n d t o w h at d e gr e e t h es e a d o pti o n 
d et er mi n a nts v ar y d e p e n di n g o n t h e pr o c ur e d s oft w ar e ass et.  T h e or eti c al b a c k gr o u n d c o m bi n es 
f a ct ors fr o m t e c h n ol o gi c al, or g a ni z ati o n al a n d e n vir o n m e nt al el e m e nts a n d c o m bi n es t h e ass et-
s p e cifi c c h ar a ct eristi cs i nt o t h e m.  
 
T h e r es ults  of t his r es e ar c h  s h o w t h at t h e ass et -s p e cifi c v ari a n c e is si g nifi c a nt i n m a n y  
t e c h n ol o gi c al, or g a ni z ati o n al a nd e n vir o n m e nt al  a d o pti o n d et er mi n a nts. I n a d diti o n t o t h os e, dir e ct 
ass et -s p e cifi c  d et er mi n a nts w er e i d e ntifi e d . D et er mi n a nts s u c h as s e c urit y, e xisti n g I T l a n ds c a p e 
a n d r e g ul ati o n ar e e v al u at e d diff er e ntl y d e p e n di n g o n t h e s oft w ar e ass et.  E v e n if t h er e w e r e 
d et er mi n a nts t h at ar e tr e at e d i n a u ni v ers al m a n n er, e a c h s oft w ar e a n d its a p pli c a bilit y f or S a a S 
d e pl o y m e nt n e e ds t o b e e v al u at e d s e p ar at el y.   C o n cl usi o n is t h at or g a ni z ati o ns n e e d t o e v al u at e 
t h eir S a a S a d o pti o n c o m pr e h e nsi v el y fr o m t e c h n ol o gi c al, or ga ni z ati o n al a n d e n vir o n m e nt al as p e cts . 
G e n er al hi g h -l e v el pri n ci pl es c a n b e s et f or t h e S a a S  a d o pti o n as l o n g as e a c h ass et a n d its 
c h ar a ct eristi cs ar e  still c o nsi d er e d i n di vi d u all y.  
K e y w or d s  S oft w ar e as a s er vi c e, cl o u d s oft w ar e,  I T a d o pti o n, d et er mi n a nts  
F urt h er 
i nf or m ati o n 
 
 
TII VI S T E L M Ä  
 
        T ur u n k a u p p a k or k e a k o ul u •  T ur k u S c h o ol of E c o n o mi cs  
   K a n di d a ati nt ut ki el m a  
X    Pr o gr a d u -t ut ki el m a 
   Li s e n si a ati nt ut ki el m a  
   V äit ö s kirj a  
 
O p pi a i n e Ti et oj ärj est el m äti e d e  P äi v ä m ä är ä  2 0 . 9. 2 0 1 8 
T e kij ä(t)  Mii k a Ri nt a k os ki  
M atri k k eli n u m er o  5 0 4 7 5 8  
Si v u m ä är ä  5 9  + 1  
Ot si k k o  
Pil vi o hj el mist oj e n k ä ytt ö ö n ott o o n v ai k utt a v at t e kij ät –  o hj el mist o n  erit yis piirt ei d e n 
m er kit ys  
O hj a aj a(t)  M atti M ä nt y m ä ki  
 
Tii vi st el m ä  
Pil vi o hj el mist ot v alt a a v at j at k u v asti m ar k ki n oit a p eri nt eisi lt ä p ai k allis esti as e n n ett a vilt a 
o hj el mist oilt a. K as v a v ast a t r e n dist ä h u oli m att a, pil vi o hj el mist oi hi n m ar k ki n a os u us o n e d ell e e n v ai n 
n oi n 1 8 % k o k o o hj el mist o m ar k ki n a n k o ost a . Or g a nis a ati ot t e k e v ät j at k u v asti p ä ät ö ksi ä u usi e n 
o hj el mist oj e n h a n ki n n ast a j a v ai ht o e h d oist a. V ali n t a pil vir at k ais u n j a p ai k allis esti as e n n ett a v a n 
s o v ell u ks e n  v älill ä o n ol e elli n e n os a h a n ki nt a a j a sii h e n liitt y v ä ä p ä ät ö ks e nt e k o pr os essi a. J ott a 
h a n ki nt a p ä ät ö ks et o n nist u v at, or g a nis a ati oi d e n t ul e e k e hitt ä ä o m a a p ä ät ö ks e nt e k o pr os essi a a n s e k ä 
y m m ärt ä ä  m a h d ollis u u d et j a ris kit, j oit a n äi hi n p ä ät ö ksii n liitt y y.  
 
T äss ä t ut ki m u ks ess a p er e h d yt ä ä n pil vi o hj el mist oj e n k ä ytt ö ö n ott o o n v ai k utt a vii n t e kij öi hi n. 
T ut ki m us r a k e nt u u ai e m m a n, t ä m ä n t ut ki m usal u e e n kirj allis u u d e n v ar a a n. Ai e m m ast a ti et e ellis est ä 
kirj allis u u d est a p oi mitt uj a k ä ytt ö ö n ott o o n v ai k utt a vi a t e kij öit ä k ä yt ettii n p o hj a n a 
t e e m a h a ast att el uiss a, j oit a t e htii n yrit yst e n I T-or g a nis a ati oiss a. T äss ä t ut ki m u ks ess a ar vi oitii n, 
k ui n k a m er kitt ä vi ä kirj allis u u d est a l ö y d et yt k ä ytt ö ö n ott o o n v ai k utt a v at t e kij ät oli v at t ut kit uiss a 
or g a nis a ati oi ss a. Erit yis esti h u o mi o k es kit ettii n  sii h e n, mit e n o hj el mist o k o ht ais et erit yis piirt e et 
v ai k utt a v at n äi hi n t e kij öi hi n. T e or e etti n e n t a ust a y h dist ä ä t e k n ol o gi ast a , yrit y ks e n sis ält ä j a 
t oi mi nt a y m p ärist öst ä k u m p u a vi a t e kij öit ä y ksitt äist e n  o hj el mist oj e n erit yis piirt eisii n.  
 
T ä m ä n  t ut ki m u ks e n t ul o ks et os oitt a v at  ett ä o hj el mist oj e n erit yis piirt e et v ai k utt a v at m er kitt ä v ästi 
nii n t e k n ol o gisii n k ui n yrit y ks e n sis äisii n j a t oi mi nt a y m p ärist öst ä j o ht u vii n k ä ytt ö ö n ott o o n 
v ai k utt a vii n t e kij öi hi n. N äi d e n lis ä ksi h a v aittii n m y ös s el vi ä y ksitt äisi ä o hj el mist oi hi n liitt y vi ä 
krit e er eit ä. H a n ki nt a p ä ät ö ks e e n v ai k utt a v at t e kij ät, k ut e n ti et ot ur v a, ai e m mi n h a n kit ut s o v ell u ks et 
s e k ä l ai ns ä ä d ä nt ö o v at esi m er k k ej ä krit e er eist ä, j oi hi n o hj el mist oj e n erit yis piirt e et v ai k utt a v at. 
V ai k k a os a t e kij öist ä oli n äist ä pi irt eist ä rii p p u m att o mi a, h a v aittii n, ett ä j o k ai n e n 
o hj el mist o h a n ki nt a o n y ksil ölli n e n. V ai k k a  k ai k ki a pil vi o hj el mist o h a n ki nt oj a  k os k e vi a yl eisi ä 
t e kij öit ä l ö yt yi, pit ä ä  h a n ki nt oj a  ar vi oi d a eri krit e er ei n o hj el mist ost a rii p p u e n. Y ht e e n v et o n a 
v oi d a a n t o d et a , ett ä or g a nis a ati oi d e n t ul e e ar vi oi d a o m a a pil vis o v ell ust e n k ä ytt ö ö n ott o a 
k o k o n ais v alt ais esti t e k n ol o gis est a, or g a nis a ati o n sis äis est ä s e k ä t oi mi nt a y m p ärist ö n n ä k ö k ul m ast a. 
Yl eisi ä p ä ä p eri a att eit a pil vi o hj el mist oj e n h a n ki n n oill e v oi d a a n as ett a a, k u n h a n j o k ai n e n h a n kitt a v a 
o hj el mist o k uit e n ki n ar vi oi d a a n s e n o m at erit yis piirt e et h u o mi oi d e n.  
A si a s a n at  pil vi p al v el u, pil vi o hj el mist o, I T k ä ytt ö ö n ott o, p ä ät ö ks e nt e k o 
M uit a ti et oj a   
 
 















S O F T W A R E A S A S E R VI C E A D O P TI O N D E-
T E R MI N A N T S –  T H E R O L E O F  S O F T W A R E  









M ast er´s T h esis  
i n I nf or m ati o n S yst e ms S ci e n c e 
 
 
A ut h or : 
Mii k a Ri nt a k os ki  
 
S u p er vis or:  
M atti M ä nt y m ä ki  
 
2 0. 9. 2 0 1 8  































































































1  I N T R O D U C T I O N  
1. 1  R e s e a r c h a r e a  
Cl o u d c o m p uti n g r ef ers t o a c o m p uti n g p ar a di g m w hi c h m a k es it p ossi bl e f or us ers 
t o a c c ess s h ar e d o n -d e m a n d  c o m p uti n g r es o ur c es t e m p or aril y o v er t h e n et w or k.  (M ell & 
Gr a n c e, 2 0 1 1 , 2) W h e n t h e a c c ess e d  r es o ur c e is s oft w ar e, t er ms cl o u d a p pli c ati o n a n d  
soft w ar e  as  a  ser vi c e ( S a a S i n s h ort) ar e us e d. Cl o u d c o m p uti n g  a n d s oft w ar e d eli v er y 
vi a cl o u d h a v e b e e n h y p e d f or ar o u n d  a d e c a d e. It m a d e its first a p p e ar a n c e i n t h e G art-
n er H y p e C y cl e f or E m er gi n g T e c h n ol o gi es i n 2 0 0 8.  Si n c e t h e n, t h er e h as b e e n a l ot of 
dis c ussi o n a b o ut t h e e x p e ct e d b e n efits, o p p ort u niti es a n d ris ks t h at s oft w ar e as a s er vi c e 
c o ul d  i ntr o d u c e t o t h e e nt er pris e c o m p uti n g. Fi g ur e 1 dis pl a ys, h o w t h e i nt er est t o w ar ds 
cl o u d c o m p uti n g  t opi c  h as c h a n g e d o v er t h e y e ars a c c or di n g t o G o o gl e Tr e n ds.  M ar k et-
i n g  m at eri al h as  f o c us e d  o n  S a a S  b e n efits  s u c h  as s c al a bilit y,  r eli a bilit y  a n d  c ost -
eff e cti v e n ess.  M a n y of t h e b e n efits s e e m es p e ci all y attr a cti v e t o s m all b usi n ess es w hi c h 
d o n ot h a v e  t h e r eq uir e d  r es o ur c es t o m ai nt ai n c o m pr e h e nsi v e I T a p pli c ati o n l a n ds c a p e 
t h e ms el v es. I n v est m e nts i n i nf or m ati o n  t e c h n ol o g y r e q uir e  c ar ef ul e v al u ati o n  of  t h e 
c osts a n d g ai ns . I n or d er f or cl o u d c o m p uti n g t o gr o w, it n e e ds t o a d dr ess t h e e x p e ct a-
ti o ns a n d c o n c er ns of t h e  e nt er pris es.  
 
 
Fi g ur e 1  - I nt er e st t o w ar d s t o pi c C l o u d C o m p uti n g ( G o o gl e Tr e n d s, 1 4. 9. 2 0 1 8) 
 
T h e w orl d wi d e  I T m ar k et si z e  is e x p e ct e d t o gr o w at ar o u n d 6, 2 % d uri n g t h e y e ar 
2 0 1 8 .  A c c or di n g  t o  G art n er,  t h e  I T  m ar k et  si z e  will  r e m ai n at  ar o u n d  $ 3, 7  trilli o n. 
S oft w ar e  m ar k et  is  e x p e ct e d  t o  gr o w  sli g htl y.  Wit h  $ 3 5 2  billi o n  s oft w ar e  s p e n d i n g  i n 
t h e 2 0 1 7, t h e s oft w ar e m ar k et gr o wt h t ot al e d 8, 8  %. S oft w ar e m ar k et si z e is e x p e ct e d  t o 
gr o w  1 1, 1  %  d uri n g  t h e  y e ar  2 0 1 8  a n d  t h us  t o r e a c h t h e  t ot al  of  $ 3 9 1 billi o n . I n  t h e 
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Figure 2 - Publications with SaaS adoption in topic (Web of Science 29.9.2016) 
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3 0  
i nt o  a d o pti n g  c ert ai n  pr a cti c es.  T h e  e n vir o n m e nt al  c o nt e xt  h as  als o  b e e n  i d e ntifi e d  i n 
t h e  S a a S  a d o pti o n  lit er at ur e  as  d es cri b e d i n  c h a pt er  2. 3. 4. ( D e Pi etr o  et.  al.  1 9 9 0,  1 5 3-
1 5 4 ) 
T h e T O E fr a m e w or k h as b e e n us e d i n m ulti pl e e arli er st u di es i n t h e fi el d of t e c h n ol-
o g y  a d o pti o n  f or  d e c a d es  ( e. g.  C h a u  &  T a m,  1 9 9 7,  L e e  &  S hi m  2 0 0 7  a n d  Mi c h e ni 
2 0 1 5).  T his m a k es it a cr e di bl e fr a m e w or k f o r ass essi n g t h e r e as o ni n g ass o ci at e d wit h 
t h e  t e c h n ol o g y  a d o pti o n. T h e  t e c h n ol o g y -or g a ni z ati o n -e n vir o n m e nt  s u p p orts  t his  r e-
s e ar c h  b y  i m pr o vi n g  t h e  str u ct ur e  a n d  cl assifi c ati o n  of  i d e ntifi e d  c h ar a ct eristi cs.  T h e 
c o n c e pts a n d r el ati o ns hi ps pr o vi d e d b y t h e fr a m e w or k will als o b e us e d t o g et a b ett er 
str u ct ur e  f or  t h e  e m piri c al  r es e ar c h  p h as e.  C o ns e q u e ntl y,  usi n g  a c o m m o n  fr a m e w or k 
a n d cl assifi c ati o n  f or a n al ysi n g  t h e t e c h n ol o g y a d o pti o n i n s p e cifi c c o nt e xt, mi g ht h el p 
i n g e n er ali zi n g t h e r es ults a n d c o m p ari n g t h e m t o ot h er c o nt e xts.  
 
 
Fi g ur e 3  –  T e c h n ol o g y -or g a ni z ati o n -e n vir o n m e nt fr a m e w or k i n t h e c o nt e xt of 
S a a S a d o pti o n ( a d a pt e d fr o m D e Pi etr o et. al. 1 9 9 0 , 1 5 3) 
3. 2  A s s et c h a r a ct e risti c s  a n d t h e T O E el e m e n ts  –  p r o p o s e d f r a m e-
w o r k  
A c c or di n g t o t h e lit er at ur e r e vi e w a n d t h e t e c h n ol o g y -or g a ni z ati o n -e n vir o n m e nt fr a m e-
w or k s e v er al  t e c h n ol o gi c al  i n n o v ati o n  ( a n d  i n  p arti c ul ar  S a a S)  a d o pti o n  d et er mi n a nts 
h a v e  b e e n  i d e ntifi e d  a n d  c a n  b e  c at e g ori z e d.  I n  p arti c ul ar,  T O E  fr a m e w or k  us es  t hr e e 
3 1  
c a t e g ori es.  E v e n  if  t h e  e xist e n c e  of  t h es e d et er mi n a nts  a n d c at e g ori es  is  h ar d  t o  d e n y, 
t h eir r el ati v e i m p ort a n c e c a n v ar y si g nifi c a ntl y d e p e n di n g o n t h e cir c u mst a n c es. As al-
r e a d y i n di c at e d i n t h e lit er at ur e r e vi e w, f or e x a m pl e a p pli c ati o n t y p e c o ul d b e a f a ct or 
t h at aff e cts t h e v al u ati o n of diff er e nt d et er mi n a nts.  
E v er y  s oft w ar e  p ur c h as e  d e cisi o n  is  m a d e  i n di vi d u all y.  E a c h  s oft w ar e  h as  its  o w n 
c h ar a ct eristi cs a n d r e q uir e m e nts a n d t h us, r e q uir es t h or o u g h a n al ysis w h e n p ur c h asi n g 
d e cisi o ns  ar e  m a d e.  E v e n  if  t h e  s a m e  t e c h n ol o gi c al,  or g a ni z ati o n al  a n d  e n vir o n m e nt al 
d et er mi n a nts w o ul d b e pr es e nt, t h e a ct u al d e cisi o n o ut c o m es c o ul d still b e diff er e nt b e-
c a us e of  t h e ass et s p e cifi c c h ar a ct eristi cs. N o m att er h o w w ell t h e hi g h-l e v el pri n ci pl es 
c o nsi d eri n g  S a a S  a d o pti o n  ar e f or m ul at e d,  t h er e  c a n  still  b e ass et -s p e cifi c e x c e pti o ns 
a n d s p e ci alti es w hi c h d o n ot c o m pl y wit h t h e m.  
D u e  t o  t h e  pr es e n c e  of  ass et  s p e cifi c  as p e cts  t h at  aff e ct  d e cisi o n -m a ki n g ,  t h e  T O E 
fr a m e w or k w as e n h a n c e d wit h t h e f o urt h el e m e nt: t h e a ct u al s oft w ar e ass et  a n d its c h ar-
a ct eristi cs . T h e e x p e ct ati o n  is th at t h e d e cisi o n m a k ers s e e t h at t h e pr o c ur e d ass et its elf 
i ntr o d u c es  n e w  d et er mi n a nts  a n d  c h a n g es  t h e i m p ort a n c e  of  e n vir o n m e nt al,  or g a ni z a-
ti o n al  a n d  t e c h n ol o gi c al  c o nt e xt a n d  t h e  u n d erl yi n g  d et e r mi n a nts. T h us,  it  s h o ul d  b e 
c o nsi d er e d  as  its  o w n  el e m e nt  i n  t h e  S a a S  a d o pti o n d e cisi o n -m a ki n g . T h e  fi n al  d e ci-
si o n -m a ki n g  is  t h e n  m a d e  a c c or di n g  t o  all  t h es e  as p e cts . I n  t his  r es e arc h,  t his  vi e w  is 
e v al u at e d wit h s e v er al  pr of essi o n als w or ki n g i n  IT  or g a ni z ati o ns . 
 
 
Fi g ur e 4  - T e c h n ol o g y -or g a ni z ati o n -e n vir o n m e nt fr a m e w or k wit h a s s et  a p-





6H**%!J#'%636'63=*!'%G!J#'+36'63=*! $*4*'$./!2*6/)G4! 34!2'G*!F'4*G!)%!H/*6/*$! 6/*! $*X
4*'$./!J#*463)%!4**&4!6)!)F6'3%!F$)'G!'%G!E*%*$'+3Y'F+*!$*4#+64!)$!3%XG*(6/!&%)H+*GE*!)0!
('$63.#+'$!.3$.#246'%.*4A!"/*!E)'+!)0!6/34!$*4*'$./!34!6)!*Z(+)$*!/)H!*2(+)9**4!3%!G30X
0*$*%6! ()4363)%4! 4**! '%G! *='+#'6*! 6/*! G*6*$23%'%64! )0! 4)06H'$*! '4! '! 4*$=3.*! 'G)(63)%A!
-3%.*!6/*!'32!34!6)!3G*%6309!'6636#G*4!'%G!(*$.*(63)%4!)%!3%G3=3G#'+!+*=*+!'%G!*4(*.3'++9!
6/*!$*'4)%3%E!F*/3%G!6/*!'6636#G*4b!J#'+36'63=*!$*4*'$./!2*6/)G4!4**2!6)!F*!2)$*!4#36'X










G'6'! 34! .)++*.6*G! 0$)2! (*)(+*! 3%! G300*$*%6! &3%G! )0! ()4363)%4! 3%! 8"! )$E'%3Y'63)%4A! 86! 34!
(+'#43F+*!6/'6!3%!G300*$*%6!()4363)%4b!6/*!3%6*$=3*H**4!2'9!H'%6!6)!0).#4!)%!=*$9!G300*$X
*%6! 6)(3.4A! ^+*Z3F3+369! )0! 3%6*$=3*H! E3=*4! '! ./'%E*! 6)! *Z(+)$*! 6/*! $)+*X4(*.303.! G300*$X
*%.*4!'%G!6/*3$!.'#4*4!3%!2)$*!G*6'3+A!")!'%4H*$!6/*!$*4*'$./!J#*463)%4!'4!H*++!'4!()443X
F+*b! 36! 34! $*J#3$*G! 6/'6! 6/*!4)06H'$*!'4!'! 4*$=3.*!'G)(63)%!G*6*$23%'%64!'$*!'(($)'./*G!
0$)2!6/*!3%6*$=3*H**g4!$)+*!'%G!(*$4(*.63=*A!`5'9+)$!d!_+'.&2)%!?@@Ob!??@c!
8%6*$=3*H4! .'%! ='$9! 0$)2! )(*%! 6)! 46$#.6#$*G! )%*4! G*(*%G3%E! )%! 6/*! +*=*+! )0!






+36*$'6#$*!H3++!F*!*='+#'6*G!G#$3%E! 6/*! 3%6*$=3*HA!"/*! 3%6*$=3*H**!.'%! 3%6$)G#.*!G*6*$X
23%'%64!'%G!6/*2*4!6/*24*+=*4!($*0*$'F+9!H36/!4'2(+*!G*.343)%X2'&3%E!.'4*4A!M'6#$'+X
+9b! 4*23X46$#.6#$*G! 3%6*$=3*H!2'&*4! 36!*'43*$! 6)!E)! 6/$)#E/! 6/*!.'#4*4!'%G!'6636#G*4! 3%!
2)$*!G*6'3+A!"/34!.$*'6*4!'%!)(()$6#%369!6)!%)6!)%+9!*Z(+)$*!/)H!6/*!'6636#G*4!G300*$b!F#6!
TT!
'+4)! H/9! 6/*9! G300*$A! K(*%! J#*463)%4! '$*! #4*G! 6)! *%.)#$'E*! 0$**X0+)H3%E! G34.#443)%A!















63.'+!$*'4)%4b! 36! 34!*'43*$! 6)!.)%G#.6! 3%6*$=3*H4!H36/!(*)(+*!H/3./!.'%!F*!.)%=*%3*%6+9!
'..*44*GA! -3%.*! 6/*! '#6/)$! /'4! '..*44! 6)! 6H)! G300*$*%6! )$E'%3Y'63)%4! 6/$)#E/! *2(+)9X
2*%6! '%G! (*$4)%'+! $*+'63)%4/3(4b! 6/*! *2(+)9**4!H36/3%! 6/*4*! 6H)! .)2('%3*4!H*$*! 4*X
+*.6*G!'4!($32'$9!.'%G3G'6*4! 0)$! 6/*! 3%6*$=3*HA!"/*4*! 6H)!.)2('%3*4!='$9! 3%! 43Y*!'%G!
3%G#46$9A!^3$46!)%*!)0!6/*2!34!-51!3%!8"!.)%4#+63%E!F#43%*44!'%G!6/*!4*.)%G!)%*!'!+'$E*!
*%6*$($34*!0$)2!2*G3'!3%G#46$9A!_9!+32363%E!6/*!%#2F*$!)0!.)2('%3*4!6)!6H)b!36!34!*'43*$!
6)!&**(! 6/*!%#2F*$!)0! 3%6*$=3*H4!$*'4)%'F+*!H/3+*!463++! $*'./3%E!*%)#E/!($)0*443)%'+4!




43E/6! 'F)#6! 6/*! 4#Fi*.6! )0! 6/*! 46#G9A! 8%! 6/*! .'4*! )0! 6/34! 46#G9b! 6/34!2*'%4! 6/'6! 6/*! $*X
4()%G*%64!4/)#+G!F*!3%!G300*$*%6!$)+*4!H36/3%!6/*!8"!)$E'%3Y'63)%4A!M'6#$'++9b!2)$*!*ZX
(*$3*%.*G!(*$4)%4!/'=*!2)$*!(*$4(*.63=*! 6)! 6/*! 4)06H'$*!'4!'! 4*$=3.*!'G)(63)%A!S/*%!















-''-!'G)(63)%!G*6*$23%'%64b! 4)2*!E*%*$'+! 6/3%E4! 'F)#6! 8"! 4946*2!#4'E*!'%G! 8"!G*.3X
43)%X2'&3%E!H'4!G34.#44*G!0$)2!6/*!3%6*$=3*H**g4!()3%6!)0!=3*HA!"/*!E)'+!H'4!6)!0'.3+3X
6'6*! 6/*! 3%6*$=3*H**g4! 6/3%&3%E!4)! 6/'6! 6/*$*! 34!2)$*!F'.&E$)#%G!0)$! 6/*!G34.#443)%!$*X
E'$G3%E! 4)06H'$*! '4! '! 4*$=3.*! 'G)(63)%! '%G! G*6*$23%'%64A! :06*$! 6/*! 3%6$)G#.63)%b! 6/*!
-''-!'G)(63)%!'%G!G*6*$23%'%64!H*$*!G34.#44*GA!:6!6/34!46'E*b!36!3%G3.'6*G!43E%303.'%.*!







(+)9**4! 3%! 8"!'$./36*.6X+3&*!()4363)%4! `8Ub! 8O!'%G! 8\cA!K%*!)0! 6/*!'$./36*.64!'+4)!H)$&4!
('$6! 632*! 3%! 8"!)(*$'63)%4A!K%*!(*$4)%b!H/3./!H)$&4!(#$*+9!H36/3%! 8"!)(*$'63)%4!H'4!
'+4)!3%6*$=3*H*G!`8TcA! ! 8%!'GG363)%b!)%*!3%6*$=3*H!H'4!/*+G!H36/!'! 6*./%)+)E9!($).#$*X
2*%6!4(*.3'+346!`8PcA!"/*!3%6*$=3*H**4!'$*!($*4*%6*G!3%!6'F+*!?!F*+)HA!
!




8C! W'$6%*$!H36/!8"!$*4()%43F3+363*4! ?B!9*'$4! C/!O23%!
8?! 8"!2'%'E*$! CB!9*'$4! C/!
8T! 8"!4#(()$6!4(*.3'+346! ?@!9*'$4! UO!23%!
8U! 8"!G*=*+)(2*%6!4(*.3'+346! C\!9*'$4! OO!23%!
8O! 1%6*$($34*!'$./36*.6#$*!+*'G! CD!9*'$4! U@!23%!
8\! 1%6*$($34*!'$./36*.6! CT!9*'$4! C/!
8P! 8"!($).#$*2*%6!4(*.3'+346! ?@!9*'$4! U@!23%!

















G*6*$23%'%64!'='3+'F+*! 3%! 6/*! +36*$'6#$*A!"/*! 6$'%4.$3(63)%4!H*$*!$*'G! 6/$)#E/!.'$*0#++9!
'%G!6)(3.4!0$)2!6/*!3%6*$=3*H4!H*$*!2'((*G!6)!6/*!-''-!'G)(63)%!G*6*$23%'%64!0$)2!6/*!
+36*$'6#$*! $*=3*HA! :GG363)%'+! G*6*$23%'%64! H*$*! 3G*%6303*G! '%G! .)G*G! '..)$G3%E+9A! 8%!
'GG363)%!6)!6/*!G*6*$23%'%64b!$*+'63)%4/3(4!F*6H**%!6/*!G*6*$23%'%64!'%G!6/*!*2(+)9**4g!
'6636#G*4!H*$*!G*$3=*GA!-3%.*!6/*!3%6*$=3*H**!.)#%6!H'4!+)Hb!6/*!+3&*+3/))G!)0!*$$)$!3%!








N*(*%G'F3+369! $*0*$4! 6)! 6/*! 6$'.*'F3+369!)0! 6/*! $*4*'$./!($).*44A! 86! '+4)! *%4#$*4! 6/'6!
6/*!($).*44!34!+)E3.'+!'%G!G).#2*%6*GA!"/*!G*(*%G'F3+369!34!3%.$*'4*G!3%!6/34!$*4*'$./!F9!
G*4.$3F3%E!6/*!3%6*$=3*H!($).*44!3%!G*6'3+!3%!4*.63)%!UA?!'%G!F9!($)=3G3%E!6/*!+3%&4!F*X
6H**%! 3%6*$=3*H4! '%G! $*4#+64! 3%! 4*.63)%! OA! "$'%40*$'F3+369! '44*44*4! 6/*! .)%%*.63)%! F*X
6H**%!6/34!$*4*'$./!'%G!*'$+3*$!$*4*'$./A!"/34!34!G)%*b!F9!.)G3%E!6/*!-''-!'G)(63)%!G*X
6*$23%'%64!'..)$G3%E! 6)!*Z3463%E! +36*$'6#$*!'%G!.)2('$3%E! 6/*! 3%6*$=3*H!$*4#+64!'E'3%46!
6/*2A!L$*G3F3+369!)0!6/34!$*4*'$./!34!*%4#$*G!H36/!($)(*$!+36*$'6#$*!$*=3*HA!S36/!6/*!+36X
*$'6#$*!$*=3*Hb!36!H'4!*%4#$*G!6/'6!6/*!'#6/)$!/'G!G**(!&%)H+*GE*!'F)#6!6/*!4#Fi*.6!'%G!






4*'$./!G*'+3%E!G3$*.6+9!H36/!(*)(+*A!:6! 6/*!=*$9!23%32#2b! 6/*! $*4*'$./! 4/)#+G!G)!%)!























F**%! .)%46'%6+9! ./'%E3%E! 43%.*! .+)#G! '((+3.'63)%4! 46'$6*G! 6)! *2*$E*A! "/*! *Z(*$3*%.*!
H36/!-''-!4)+#63)%4!/'4!./'%E*G!6/*!(*$.*(63)%!6)H'$G4!'G)(63)%!G*6*$23%'%64b!2'&3%E!
4)2*! )0! 6/*2!2)$*! 32()$6'%6! 6/'%!H/'6! 6/*9! #4*G! 6)! F*A! 8%! .)%6$'46b! 6/*! ($3)$369! )0!









8%! 6/34! 4*.63)%b! 6/*! $*4#+64!)0! 6/*! 3%6*$=3*H4!'$*!($*4*%6*GA!^3$46b! 6/*!-''-!'G)(63)%!
G*6*$23%'%64! 0$)2! 6/*! 3%6*$=3*H4! '$*! 4(+36! 3%6)! 6/*!"K1! 0$'2*H)$&! .)%6*Z64A! 80! 4)2*!

























Table 3 - Technological determinants in interviews 
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